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Amyotrophic lateral sclerosis (ALS) is a devastating progressive neurodegenerative disorder characterized by a selective loss of 
motor neurons in the spinal cord, brainstem, and motor cortex, leading to weakness of the limb and bulbar muscles. Although the 
immediate cause of death in ALS is the destruction of motor neurons, ALS is a multi-organ disease that also affects the lungs, spleen, 
and liver. Melittin is one of components of bee venom and has anti-neuroinflammatory effects in the spinal cord, as shown in an ALS 
animal model. To investigate the effects of melittin on inflammation in the lungs and spleen, we used hSODl G93A transgenic mice 
that are mimic for ALS. Melittin treatment reduced the expression of inflammatory proteins, including Iba-1 and CD 14 by 1.9- and 
1.3-fold (p<0.05), respectively, in the lungs of symptomatic hSODl G93A transgenic mice. In the spleen, the expression of CD14 and 
COX2 that are related to inflammation were decreased by 1.4 fold (p<0.05) and cell survival proteins such as pERK and Bcl2 were 
increased by 1.3- and 1.5-fold (p<0.05) in the melittin-treated hSODlG93A transgenic mice. These findings suggest that melittin 
could be a candidate to regulate the immune system in organs affected by ALS. 
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INTRODUCTION 

Amyotrophic lateral sclerosis (ALS) is an adult-onset, devastating, 
and progressive neurodegenerative disorder characterized by 
a selective loss of motor neurons in the spinal cord, brainstem, 
and motor cortex, leading to weakness of the limbs and bulbar 
muscles [1]. The majority of patients with ALS have sporadic 
ALS (sALS) caused by environmental factors; however, 5-10% 
inherit a familial ALS (fALS) form, of which 20% are caused by 
mutations in the genomic insertion of the human copper- zinc 
superoxide dismutase 1 (hSODl) gene [2]. Especially, hSODl G93A 
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mice expressing a hSODl transgene with a glycine-to-alanine 
substitution at the 93 rd codon have generally been used for an 
ALS animal model because of their symptom similarity to ALS in 
human [3,4]. 

A variety of immunological dysfunctions has been demonstrated 
in some patients and in animal models with ALS [5-9]. ALS 
immunocytes induce the activation of monocytes and T cell 
numbers related to disease progression [7, 10]. In addition, Zhang 
R et al, have shown that an increase of abnormally immunogic 
activation of sALS was related to the level of monocyte/ macro- 
phage activation [7], It suggested that the inflammation-involved 
markers might supply valuable support in monitoring the treat- 
ment of ALS and immune dysfunction diseases. 

T cell numbers and adaptive immune molecules were changed in 
postmortem ALS and SOD 1 Tg mice [11-13]. Postmortem exami- 
nations of ALS neural tissues reveal associations between immune 
and immune effector changes and exhibit reactive microglia, 



Copyright © Experimental Neurobiology 2014. 
www.enjournal.org 



This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial ticense 
(http://creativecommons.0rg/licenses/by-nc/3.o) which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 



en 



Anti-Inflammatory Effects by Melittin 



astrocytes, blood-borne macrophages, mast cells, increased 
number of dendritic cells, elevated chemoattractant factors, and 
histocompatibility complex (MHC) class I and II molecules as 
well as infiltrating CD4+ and CD8+ T lymphocytes surrounding 
degenerating neurons and the area affected in ALS [13-15]. The 
numbers of experimental and clinical observations have shown 
inflammatory reactions in ALS tissue indicating the involvement 
of both innate and adaptive immune responses [14, 16, 17]. Gen- 
delman HE et aL, have demonstrated that the spleens of SODlTg 
mice at symptomatic ALS display significant reductions in size 
and weight and profound lymphopenia. In addition, this study 
suggested that the possibility of immune dysfunction and loss of 
adaptive immune cells reflect mechanisms for the production of 
ALS symptoms [18]. 

Evidences of dysregulation within the peripheral adaptive 
immune system of patients with ALS reveal many adaptive deficits. 
Peripheral blood lymphocytes from these patients have been 
reported to exhibit abnormalities in mitochondrial and calcium 
metabolism [19]. In our previous study, we demonstrated that 
inflammation increased in the lungs of symptomatic hSODl G93A 
transgenic mice [20]. 

Melittin is a major component (40-60%) of whole bee venom. 
It is a small linear peptide composed of 26 amino acids with a 
hydrophobic N-terminal region and a hydrophilic C-terminal 
region [21]. Many studies have shown that melittin has an anti- 
viral, anti-arthritic, and anti-inflammatory effect [22-24]. Recent 
studies have shown that melittin induced apoptosis in hepatic 
and vascular smooth muscle cells through nuclear factor kappa 
B (NF-kB) inhibition and alpha serine/threonine-protein kinase 
1 (AKT) activation [25]. Furthermore, we have shown that 
melittin treatment improved proteasome function by its anti- 
neuroinflammatory effects in the brain and spinal cord regions 
of an animal model of ALS [26] . Based on our understanding 
of the immune system's involvement in central nervous system 
maintenance [27] , we examined the effects of melittin on the lung 
and spleen of hSODl G93A transgenic mice. We found that melittin 
treatment attenuated inflammation and stimulated the signal 
leading to cell survival in the lung and spleen in these mice. These 
findings suggested that melittin treatment could help increasing 
immunity in an ALS animal model. 

MATERIALS AND METHODS 

Animals 

All mice were treated in accordance with the United States Natio- 
nal Institutes of Health guidelines (Bethesda, MD). Experimental 
procedures were approved by the Institutional Animal Care and 



Use Committees of the Korea Institute of Oriental Medicine. In 
this study, hemizygous transgenic B6SJL mice carrying a glycine- 
to-alanine mutation at the 93 rd codon of the cytosolic Cu/Zn 
superoxide dismutase gene (hSODl G93A ) were originally obtained 
from the Jackson Laboratory (Bar Harbor, ME). Transgenic 
mice were identified by polymerase chain reaction as described 
previously [2]. All mice were kept in standard housing with free 
access to water and standard rodent chow. 

Melittin treatment 

Melittin was purchased from Sigma (St. Louis, MO) and diluted 
with saline. Melittin was subcutaneously injected at a dose of 0.1 
ug/g bilaterally into 14-week-old hSODl G93A transgenic mice 
(hSODl G93A -MT,n=4~5) at the Joksamni (ST36) acupoint, which 
is known to mediate anti-inflammatory effects [28]. Melittin 
treatment was performed three times for a week at a dose of 
0.1 ug/g. According to the human acupoint landmark and a 
mouse anatomical reference [29], the ST36 point is anatomically 
located 5 mm below and lateral to the anterior tubercle of the 
tibia. Age-matched control animals were injected bilaterally 
and subcutaneously with an equal volume of saline at the ST36 
acupoint (hSODl C93A , n=4~5). 

Western blot analysis 

The lungs and spleens of melittin- or saline-treated hSODl G93A 
transgenic mice were dissected and homogenized in RIPA buffer 
(50 mM Tris-Cl pH 7.4, 1% NP-40, 0.1% sodium dodecyl sulfate 
(SDS), and 150 mM NaCl) containing a protease inhibitor cocktail 
(Calbiochem, CA, USA). Homogenized tissues were centrifuged at 
14,000 rpm for 20 min at 4°C. Total protein was quantified using 
the BCA assay kit (Pierce, IL, USA). Samples denatured with SDS 
sampling buffer were separated through SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to a nitrocellulose 
membrane for Western blot. For the detection of target proteins, 
the membranes were blocked with 5% non-fat milk in tris-buffered 
saline (TBS) and then incubated with various primary antibodies: 
anti-tubulin (Abeam, Cambridge, UK), anti-phospho-ERK (Cell 
Signaling Technologies), anti-Bcl2 (SantaCruz, CA), anti-HOl 
(Abeam, Cambridge, UK), anti-Iba-1 (Wako, Osaka, japan), anti- 
CD14 (BD Pharmingen), anti-COX2 (BD Biosciences), and anti- 
TNF-a (Abeam, Cambridge, UK). The blots were then probed 
with HRP-conjugated antibodies (Santa Cruz Biotechnology, CA, 
USA) and visualized by using enhanced chemiluminescence (ECL) 
reagents (Amersham Pharmacia, NJ, USA). An LAS-3000 image 
analyzer was used for detecting immunoblotted bands (Fujifilm, 
Tokyo, Japan). 
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Fig. 1. The effect of melittin on inflammation in the lungs of hSODl G93A mice. Melittin (0.1 ug/g) was injected subcutaneously bilaterally three times 
for a week in 14-week-old hSODl G93A transgenic mice. Representative data from independent Western blot experiments of lba-1 (A) and CD14 (B) in 
the lung of hSODl G93A transgenic mice (n=4~5 per group). Immunoblotting of TNF-a (C) and COX2 (D) proteins from the lungs of melittin- or saline- 
treated hSODl G93A transgenic mice. Tubulin is used as a loading control of total protein. Data are shown as the mean±SEM. Data were analyzed with 
PRISM analysis and statistical significance was calculated by t-test. *p<0.05, compared to saline-treated hSODl G93A transgenic mice. MT-: saline-treated 

1 mice. 



Statistical analysis 

All data were analyzed using GraphPad Prism 5.0 (GraphPad 
Software, CA, USA) and are presented as the mean±standard error 
of mean (SEM) where indicated. A t-test was used to compare 
the significance of the differences of the immunoblotting data 
between the melittin-treated and age-matched control hSODl G93A 
mice. 

RESULTS 

Melittin treatment reduces the expression level of infla- 
mmatory proteins in the lungs ofhSODl G93A mice 

To examine the effect of melittin treatment on inflammation 
in the lungs of hSODl G93A mice, we investigated the expression 
level of inflammatory proteins by Western blotting. As shown 
in Fig. 1A and B, lba-1 and CD14 expressions, associated with 
inflammation, were significantly decreased 1.9- and 1.3- fold, 
respectively, compared to age-matched hSODl G93A transgenic 
mice (*p<0.05, n=4~5/each group; Fig. 1A). To confirm the effect 
of melittin on inflammation in the lungs, we examined the level 
of pro-inflammatory proteins using anti-TNF-a and anti-COX2. 
Melittin treatment reduced the level of TNF-a and COX2 proteins, 
although the reduction was not significant (Fig. 1C, D). 



Melittin treatment reduces the expression level of infla- 
mmatory proteins and increases the level of cell survival- 
related proteins in the spleen ofhSODl G9ik mice 

The spleen plays a role in the immune system by attacking 
foreign toxins with macrophages. Therefore, we investigated the 
anti-inflammatory effects of melittin in the spleen of hSODl G93A 
transgenic mice. We found that the expression of Iba- 1 protein was 
decreased by melittin treatment in the spleen, compared to that of 
saline-treated hSODl G93A transgenic mice; however, the decrease 
was not significant (Fig. 2A). To confirm whether melittin reduces 
inflammation in the spleen, we analyzed the expression level of 
inflammatory proteins. As shown in Fig. 2B and C, inflammation- 
related proteins, CD 14 and COX-2, were significantly decreased 
by each 1.4- fold by 0. 1 ug/g melittin treatment in hSOD 1 G93A mice 
compared to age-matched control (*p<0.05, n=4-5/each group). 
These findings suggest that melittin attenuates inflammation in 
the lungs and spleen of hSODl G93A mice. Next, we examined the 
anti-inflammatory effects of melittin on cell-survival signaling 
in the organs of hSODl 93A mice. As shown in Fig. 2D, melittin 
attenuated the expression level of HOI induced by oxidative 
stress in the spleen of hSODl G93A transgenic mice. Furthermore, 
we found that the expression level of pERK and Bcl2 proteins 
related to cell survival significantly increased, by 1.3- and 1.5- 
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Fig. 2. Hie effect of melittin on cell survival of the spleen of hSODl G93A mice. Representative data from independent experiments of Western blotting 
of Iba- f (A) and CD 14 (B) in the spleen of hSOD 1 transgenic mice (n=4~5 per group). COX2 (C) and HO 1 (D) proteins levels are determined by 
immunoblotting in the spleen of melittin- or saline-treated hSODl G93A transgenic mice. The expression level of pERK (E) and Bcl2 (F) leading to cell 
survival is increased by melittin treatment in the spleen of hSOD 1 mice compared to saline-treated hSOD 1 mice. Tubulin is used as a loading 
control for protein. Data are shown as the mean±SEM. *p<0.05 compared to saline-treated hSOD 1 transgenic mice. 



fold, respectively, compared to those in age-matched control mice 
(Fig. 2E, F). These findings suggest that melittin could be one of 
candidates increasing immunity in ALS. 

DISCUSSION 

ALS is characterized by the death of motor neurons in the 
brainstem and spinal cord, leading to respiratory failure. ALS 
is caused by both environmental and genetic factors, with 
90-95% sporadic ALS (sALS) showing no clear genetic linkage. 
Familial ALS (fALS) causing genetic factors includes superoxide 
dismutase 1 (SOD1), TAR DNA-Binding Protein 43 (TDP-43), 
C90RF72, and ubiquilin-2 gene (UBQLN-2). Inflammation plays 
an important role in recovering against infection and restoring 
health and normal functioning of the body. Although ALS is 



not an inflammatory or immune-mediated disease, and anti- 
inflammatory agents are not effective for patients with ALS in 
clinical trials, both patients with ALS and animal models of ALS 
have shown inflammatory responses [14]. 

The various components of immune reactions such as the innate 
and adaptive immune systems act in concert to maintain the 
functional integrity of the body and brain under non-pathological 
conditions [30]. In patients with ALS, there is persuasive evidence 
that immunity is involved in promoting disease progression 
even though the pathogenesis of ALS is still unclear. In addition, 
complementary factors Clq and C3 mRNA were upregulated with 
the progression of the pathology in hSODl G93A mice [31]. Recent 
study has demonstrated that the activation of classical (ClqB and 
C4) and alternate (factor B) factors in the complementary system 
expressed on motor neurons and microglia were increased in 
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hSODl G93A mice [32]. It suggests that complementary activation 
detected in the motor neurons may cause a decrease in immunity 
as disease progresses in hSODl G93A mice. 

Melittin is a major component composed of 26 amino acids and 
is a biologically active substance in bee venom. In addition, it has 
anti-apoptotic, anti-inflammatory anti-viral, and anti-bacterial 
effects [22, 33]. Furthermore, we have shown that melittin reduced 
neuroinflammation in the spinal cord of symptomatic hSODl G93A 
transgenic mice [26]. However, there have been no reports on the 
effects of melittin in the organs of in vivo ALS animal models, or 
on the associated molecular mechanisms of melittin. Based on 
these findings, we hypothesized that melittin affects inflammation 
in the lungs and spleen of symptomatic hSODl G93A transgenic 
mice. We found that melittin treatment reduced inflammatory 
proteins such as TNF-a, CD 14, and COX2 in the lungs and 
spleen and increased the expression level of proteins related to 
cell survival signaling such as Bcl2 and pERK in the spleen of 
symptomatic hSODl G93A transgenic mice. 

Hie spleen, thymus, and liver, all shrink in size during ALS disease 
progression. However, the change in lymphocyte proportions in 
these organs does not necessarily reflect a change in their absolute 
number. CD4+CD25+ T regulatory cells, CD8+ regulatory cells, 
and natural killer T (NKT) cells are all involved in the immune 
system [34-36]. NKT cells are elevated in the lymphoid organs and 
central nervous system of mSOD 1 mice. In addition, NKT cells are 
dramatically increased in the liver and spinal cord of hSODl G93A 
transgenic mice [37]. 

Compared to age-matched wild-type mice, in ALS mice, 
we previously observed defects in the lungs and increased 
inflammatory proteins such as TNF-a, Iba-1, and IL-6 via 
immunoblotting and immunostaining [20]. In this study, melittin 
treatment reduced the expression level of TNF-a and COX2 in 
the lung of hSODl G93A transgenic mice, even though it was not 
significant (Fig. 1 A, B). Furthermore, we found that the expression 
level of Iba-1 and CD14 proteins was decreased by 1.9- and 1.3- 
fold respectively in the lungs of symptomatic hSODl G93A animal 
(Fig. 1A, B). This suggests that melittin could be helpful for the 
reduction of inflammation in the lungs of hSODl G93A transgenic 
mice. 

Respiratory insufficiency is a common feature of ALS and is 
present in almost all cases at some stage of the illness. It is the 
commonest cause of death in ALS. There are multiple causes of 
respiratory muscle failure, all of which act to produce a progressive 
decline in pulmonary function. Respiratory complications in 
patients with ALS often require invasive ventilation because of 
increased difficulty in clearing secretions by cough. Melittin could 
be helpful for avoiding invasive ventilation in some patients with 



ALS. 

Immunity in ALS involves the function of the spleen in innate 
immune reactions. Previous papers have shown that the spleens 
of SODlTg mice at the end stage of ALS display significant 
reductions in size and weight and profound lymphopenia. In 
addition, this study suggested that the possibility of immune 
dysfunction and loss of adaptive immune cells reflect mechanisms 
for the production of ALS symptoms [18]. In this study, we 
showed that melittin treatment reduced the expression level 
of inflammatory proteins CD 14 and COX2 by 1.4 fold in the 
spleen compared to age-matched saline-treated mice (Fig. 2C, 
D). Furthermore, we found that pERK and Bcl2 proteins, which 
are related to cell survival, were significantly increased (1.3- and 
1.5- fold, respectively) in the melittin -treated hSODl 93A mice 
(Fig. 2E, F). In addition, we observed an increase of the expression 
level of phospho-Akt in the spleen of melittin-treated mice 
compared to saline- treated hSODl G93A transgenic mice but it 
was not significant. These findings suggest that melittin may be a 
biologically effective substance that can reduce inflammation and 
increase cell survival in the organs of an ALS animal model. 

In future, it should be investigated whether melittin affects T 
cells, lymphoid cells, and complementary factors in hSODl G93A 
transgenic mice in order to demonstrate its anti-inflammatory 
effects. In addition, it needs to be investigated whether the effects 
of melittin on other organs such as the liver and thymus are 
able to demonstrate anti-inflammatory effects of melittin since 
hSODl G93A overexpression in the mice causes organ disability. 
Furthermore, the molecular mechanism of melittin action should 
be investigated to analyze its anti-inflammatory effects in the 
organs of an ALS animal model. 

Neurodegenerative diseases, including Alzheimer's disease (AD) 
and Parkinson's disease (PD), are caused by neuroinflammation 
associated with dysregulation of immune homeostasis by 
the combined action of a series of defects arising in the body. 
Therefore, it will be worth investigating the effects of melittin on 
neurodegenerative diseases. 
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